Abstract-Creativity is a skill that has been recognized as one of the 21 st century skills. Likewise robotics has been recognized as technology with several features to enthrall children and be used to teach a variety of topics (e.g. Mathematics and programming). This paper presents a study done to verify the impact of introducing a storytelling session in an activity with children from 6 to 18 years old in Austria. A total of 196 participants participated in the workshops, held in the campus of the university. Quantitative and qualitative data were collected and analyzed. The results showed that the most difficult task for old participants was the collaboration between groups created. Participants also did not mention the use of creativity during the design and implementation of the story. Instead participants referred to the work done with robots and technology. Moreover, participants think that working with robots is interesting and fun.
I. INTRODUCTION
Creativity is a concept use to describe a person with certain features, mainly related to artistic fields. Nevertheless, it has been recognized as one of the 21 st century skills because a creative person is expected to generate new useful ideas, come with imaginative solutions and use diverse techniques to come with them [1] . It is important to notice that the interpretation of novel and useful is going to be given by the social context [2] . More important creativity has been recognized as essential element of problem solving and critical thinking [2] , [3] .
On the other hand, robotics has been used in education to teach diverse areas of knowledge such us physics [4] , mathematics [5] , programming [6] and soft skills [7] . Stager used a constructionism approaches to implement three different activities [8] : ballerina, teddy bear and Phonograph. Although he did not create these activities to foster creativity, they show how through robotics children can use their imagination to come with solutions to problems that are relevant to them. Considering the importance of creativity and the potential of robotics to foster thinking skills, process skills, and social interaction [9] , it was decided to create an activity with robotics that could foster creativity in the frame of the European project Educational Robotics for STEM (ER4STEM).
This paper presents a study done to verify the impact of introducing a storytelling session in an activity with children from 6 to 18 years old in Austria. A total of 9 workshops were implemented in the university campus, with a total of 196 participants. Each workshop was implemented by two master students, who did not have any previous experience on education. Quantitative and qualitative data were collected and analyzed. The results showed that the most difficult task for old participants was the collaboration between different groups created. Participants also did not mention the use of creativity during the design and implementation of the story. Instead participants referred to the work done with robots and technology. Moreover, participants think that working with robots was interesting and fun. This paper is organized as follows. Section II presents relevant work in educational robotics. Section III presents the definition of creativity and the mechanisms to foster it. Section IV introduces Thymio II, the platform used in the workshops, and the programming languages available for it. Section V presents the activity designed and section VI describes how the study was done. Finally, section VII presents the results obtained from all workshops and section VIII presents conclusion and further work.
II. RELATED WORK
Robotics has been used in different settings and platforms. Sullivan and Bers studied how robotics and computer programming could be used from pre-kindergarten to second grade classrooms and what children could learn from them [10] . They developed an eight week curriculum focused on teaching foundations of robotics and programming concepts. The robotic platform KIWI was used, which was specifically designed for young children (four years and up). The main particularties of KIWI are that it could be programmed using the Creative Hybrid environment for computer Programming (CHERP) and it does not require any computer to be programmed [11] . Similarly, Stoeckelmayr et al. [12] created eight workshops to introduce robotic concepts to kindergarten students using BeeBot.
However, the use of robotics is not limited to introduce robotics, it has been also used to teach physics and mathematics. For example Church et al. [13] , Ashdown and Doria [4] , and Williams et al. [14] have created activities to foster knowledge in physics using Lego Mindstorms platforms. Their results suggest that participants engaged with the activity and they learned about the topic that was evaluated. Stager used a constructionism approaches to implement three different activities [8] : ballerina, teddy bear and Phonograph. Each activity was implemented with diverse groups and robotic platforms with different time span. Although he did not create these activities to foster creativity, they show how through robotics children can use their imagination to come with solutions to problems that are relevant to them. In the last decade, researchers have come with the idea of using social robots in schools. Some researchers have investigated the features that a robot should have when is placed in a classroom [15] . They identified that motion is important for the participants, because it helps to break the monotony of classroom. Moreover participants highlight the importance of visualising geometrical concepts in the real world and their interest in interacting with the robot in pet-like way. Other researchers focused on the impact of verbal cues given by a robot to participants [16] , suggesting that it has a positive impact. Nevertheless, their research is focused on the social aspects of autonomous robots instead of the correct use in education.
Despite the versatility of robotics in terms of topics, ages and situations, there is required to understand their correct use in education. Without this understanding the real potential of robotics in education will not be completely unleash and in some situation could jeopardize the learning experience [17] .
III. CREATIVITY
Creativity is an abstract concept that everyone uses but when they are asked to define its meaning they struggle to come with a precise and clear definition. More important, most people link creativity with artistic creations, neglecting its presences in other fields. Nevertheless, creativity has been acknowledged as an important factor of competiveness in modern organizations [18] . Despite its importance, there is not a unify definition of creativity [19] , [20] and it could vary depending on the field and researcher. Nevertheless, there are common characteristics among definitions, which could slightly differ on terminology. Therefore, researchers tend to define creativity as the ability to come with ideas or products that are novel and useful [19] . It is important to notice that the interpretation of novel and useful is going to be given by the social context [2] .
Although creativity could happen naturally in many cases, the creation of environments that promotes creativity is also possible. The following are characteristics identified to promote individuals' creativity:
• Definition of clear goals [21] .
• Balance between knowledge and challenge [20] , [21] .
• Creation of a climate where students are not fear about failure [18] , [20] , [21] .
• There not should be competitions or rewards after finishing [20] .
• Motivate students to be creative [2] . 
IV. THYMIO II
Thymio II is an educational robotic platform created at EPFL (Figure 1 ) [22] . It has several characteristics that make it appealing to our purposes. First, Lego blocks could be connected to the robot. Second, the robot has several infrared sensors, a speaker, four push buttons, one microphone and lights. Moreover it offers three different programming languages that could be used through their IDE called ASEBA:
• Visual programming was designed to let users drag and drop components into a canvas in Aseba studio. Figure 2 a shows the programming interface. As it could be observed, the user can select from events (right) and combine with actions (left).
• Blockly programming is the Scracth [23] version for Thymio II. As it could be seen in the Figure 2 -b, it provides several components, such as conditionals or variables.
• Text programming is a programming language created for Thymio II. Figure 2 -c presents an example of a program that reacts when an object is approaching.
V. THE ACTIVITY
The activity was created with the objective to introduce basic programming and foster creativity in the participants. It was assumed that participants do not have any previous knowledge in robotics or programming. To provide participants with necessary knowledge to implement the story, the activity was divided in two sessions. The first session focus on letting participants to get familiar with the robot and introducing them basic programming concepts. This is achieve through the following exercises:
1) Measurements with Thymio is aimed to expose children with the robot and introduce basic concepts of robotics. During this exercise, children are asked to fill a way they can get a better idea on how the values change depending on the situation. 2) Drive through maze aims to make evident the sequential thinking behind programming. Children' task is to program the robot to go out a simple maze. 3) Start-stop event introduces the concept of events in programming. Children must use the five push buttons to trigger an event, which corresponds to the direction that the robot has to move. 4) Stop at table's edge is an extension of the previous exercise to prevent the robot fall down the table. This could help children to delimit the zone where the robot has to move. 5) Avoid obstacles aims to let the robot to move autonomously while avoiding any obstacle that could find in its way. 6) Reach the point introduces children to timer function. As its name suggest, this function triggers an event once the time set has been reached. Therefore participants have to play with this time to make the robot move forward to reach a specific point.
For each one of these exercises is provided a handout with the following structure: a general description, which includes the goal of the exercise, the tasks description and some tips that could be useful for the students. An example of a handout is presented in Figure 3 .
The second session focus on the storytelling. Before starting, the group is asked to create two big groups, each group will create their own story. Once the groups are created, they are asked to create three sub-groups, which will focus on different aspects of the implementation. One group will be the designers, who are in charge to create the story and all the props for the story. The second is the technicians, who will implement the story with the robots. Finally, the directors group has to coordinate the work within the other two groups. The stories are advised to be written in a way that could take advantage of the knowledge gained in the previous session. Moreover the following constraints are added:
• The video must not be longer than one minute and has to be less than 40 seconds. This constrains adds the difficulty that designers and technicians must communicate to consider robots movements, such as speed and how much actions could be done during this period of time.
• Each group must record their story but there is just one camera for both groups. So there must be a coordination also between them.
• The video has to include at least two robots.
• The human intervention must be reduced to the minimum. Finally, the children are asked to prepare a short presentation where they reflect their experiences and problems they faced during the second session. To do this, participants are provided with a template, which includes specific questions about team work and their learning experience. The evaluation kit developed in ER4STEM was used to collect quantitative and qualitative data [24] . This evaluation kit was developed with the objective answer ER4STEM's research questions, which are focus on maintain the interest of children in technology and STEM. The evaluation kit has the following components:
• Handling protocol, which describes precisely how to use the evaluation material.
• Pre and post activity questionnaires that collects personal information, past experience and existing attitudes towards STEM. This helps to evaluate the impact of the workshop on the participants.
• Draw-a-scientist provides an understanding on previous stereotypes of the participants towards scientist.
• Observations of tutors are comments provided by the tutors that they consider of relevance and that occurred during the workshop. These comments help to inform the late analysis of the data.
• Interview questions and protocol defines the way the data is collected, stored and shared.
• Students reflections and artifacts of their learning are collected and used also to verify the impact of the workshop.
• Tutor reflection is a set of questions that are answered by the tutors after each workshop.
• Inform consent documents, which provides relevant information to parents and participants about the research done during the workshops.
• Reporting templates establish the basic structure on how the information is reported.
A. Questionnaires
A Pre and post activity questionnaires are used to collect quantitative information. The pre-questionnaire captures participants' attitudes towards STEM subjects and careers. It is composed of:
• One multiple option question about the languages spoken at home.
• One question about previous experience in robotics and programming.
• 39 Liker questions about attitude towards technology, mathematics and science.
• Two multiple option questions regarding participants' favorite and least favorite subjects with their corresponding justification.
• Two yes/no question two know if they would like to study science or maths. On the other hand, the post-questionnaire aims to determine learners' experience in the workshop and their future intentions. Therefore it is compose of:
• Six Likert questions about the problems solved, working with robots, and working in a team.
• Two multiple option question about the knowledge used and acquired during the workshop.
• 16 Likert questions about participants' perception of the activity (e. • Rate the workshop with its corresponding justification. Young participants, 6 to 10 year old, could struggle with these long questionnaires and with the meaning of some of the questions. Therefore a lighter version of these two questionnaires was generated. Some questions were rephrase to make it easy to understand and some questions were removed such us "working with robots I have used my knowledge of..." and "working with robots I have learned about...". The questionnaires used with young participants are later refer as type one, while the one for old as type two.
B. Procedure
The preparation of each workshop starts one to two months before the actual workshop take place. Participants are provided in advance with the consent forms and draw-a-scientist that they must bring at the day of the workshop. In the day of the workshop, two tutors receive the participants at the entrance of the engineering building and accompany them to the computer room. These tutors are master students hired to implement the workshops and do not have previous experience in teaching. Their presence during the workshop is to support participants when any problem or question is raised by the participants. Once the participants arrive to the computer room, the tutors collect the consent forms and provide them a number tag to anonymize their identities. This number is assigned in advance. Then it is done the pre-questionnaire, in which participants introduce their code number. Once all participants have finished the pre-questionnaire, the tutors ask them to form groups of 2 or 3 people. From all the groups, it is designated one as a focus group, which all members agreed on the consent form to be recorded. The tutors provide them a GoPro camera, which they can use to register what they considered as relevant.
With all in order, the tutor give to the participants handouts with the first exercise. Every time one group completes the exercise a new handout is provided. Ideally the first session last three hours, including the time required for the prequestionnaire, and the second session occurs another day. However no all groups could come twice. In this case, a break of 15 minutes is done to let participants relax. The second session starts asking participants two create two groups. Once they are in their groups the whole activity is explained, including the restrictions for the video. When everything has been setup, the tutor provide each group with two robots and a kit of Lego blocks. During the whole session the two tutors are present to answer any questions or help the participants in case of difficulties. 30 minutes before the end of the workshop, the focus group is interviewed; the interview takes around 10 minutes. When they come back, they are asked to fill the postquestionnaire. VII. RESULTS Table I presents the information of the groups that participated. This information includes age, number of gender, programming language used during the intervention, number of sessions and stars given to the workshop. Different programming language was used depending on the group age. For example VPL was used with young groups while textual and blocky with the older ones. Some of the groups did not manage to answer all of the questions (i.e. 2017-01-26 and 2017-01-31) or to do the post-questionnaires (i.e. 2017-06-13) due to time restrictions. Moreover, just with one group was possible to have the final presentation.
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The difference in the number of sessions is due some groups could not come twice. In order to solve this, longer session were done. This have impacted the number of stars given to the workshop due to, among other things, the short time to design and implement the story. Nevertheless, the number of stars given by the young participants is much higher than the ones given by the older ones. Figure 4 presents the robots created by one of the groups during the storytelling session. It could be observed how participants used Lego blocks and its colors to change the aspect of the robots.
A. Qualitative Analysis
The qualitative analysis showed that old participants had difficult collaborating during the storytelling part. In fact, during the interview to the focus groups 2017-06-13, 2017-02-02 and 2017-03-30, they mentioned their difficulty to collaborate in big groups. This should not be a surprise if it is considered that collaboration is a skill that must be learned [25] and it is not taught in school. On the other hand, young participants struggle with programming, such as it was mentioned during the interviews with the focus groups 2017-01-26 and 2017-03-06. Interestingly one interviewee of the group 2017-01-26 suggested that math could be helpful in programming. This is surprising because it was not done any mention to mathematics done during any workshop. It was also found possible culture-technology stereotypes during the interview to the focus group 2017-01-31, where the interviewee suggested that robots in Japan are more advance because there "robots are saving people from burning buildings". This is really interesting considering that the kid was only seven years old.
Given the short time and the limited skill of young participants on writing and reading, it was difficult to get answers to the open questions in the post-questionnaire. Therefore, it was just obtained answers from old participants. The qualitative results show that groups 2017-02-01, 2017-02-02, 2017-03-30 had fun, were interested and learned a lot. On the other hand, some participants from 2017-02-01 wrote that they felt frustrated and don't like when things did not work the way they were expecting. This could be explained in the expectations that traditional education systems create on children, making them think that all problems have a unique solution. Unexpectedly, other participants from the groups 2017-02-01 and 2017-03-30 stated that they were bored and the activity was difficult.
From tutors' observation and reflection, it was identified that they think participants do not understand the easily the work flow of a program. There is also stated that just workshop 2017-02-01 and 2017-02-23 participants collaborated well. Indeed, the interviewees from the group 2017-02-23 mentioned. Something that was unexpected was the fact that during the workshop 2017-03-30 tutors had to change from textual programming to blockly because some participants attended to the workshops offered in the previous year, where they used blocky. This event and the fact that the handouts prepared by the tutors were done for textual programming could explain why some of the participants fell frustrated and bored. Also it is interesting to consider participants' unwillingness to try a new programming language even when the whole explanation was provided in the handouts.
B. Quantitative Analysis
Table II presents the number of participants who have created a robot and/or programmed before. The number of participants who have created a robot before (33%) is lower that the number of participants who have programmed (45%). In both cases the predominant place has been a Club/Workshop, with a significant number of participants who have done it at home. It is important to observe that most of the participants of group 2017-02-23 have created a robot at school. Also it is possible to observe that two older groups have mainly done activities in clubs/workshop with limited experience at school.
The answers to the questions present in both prequestionnaires are presented in Figure 5 . Most of the participants like using computers. The only exception is found in the group 2017-02-23, where half of the participants agree and strongly agree, one fourth of the participants are neutral and the rest are disagree and strongly disagree. Most of the participants tend to consider that they do not know a lot of robots, with some groups tending to be neutral. questions "I learn best with other people" and "I like science" most of the participants agree or strongly agree. It is important to notice that most participants strongly agree to the question "I like working in teams". Figure 6 presents the results to the post questionnaire questions in both post-questionnaires. It is interesting to observe that more than 50% of the participants considered that was interesting and fun working with robots. Likewise they considered the problems solved as interesting and fun. This is also reflect in the question "I was bored", in which more than a half of the participants disagree and strongly disagree. It is important to highlight that participants considered that they work as a part of a team and they did not worked alone.
The answers to the questions related to working with robots I have used my knowledge of... and has helped me to learn more about... are reported in Table III . These two questions were not asked in post-questionnaire type one. Most of the participants considered that they used your knowledge of technology and how thing works. Likewise participants stated that they have learned about technology and how things work. A chi test was done for each question to determine if there was any difference between genders. The results showed that there is no difference between genders (p > (α = 0.05)) in all the questions.
VIII. CONCLUSION AND FURTHER WORK
Creativity is a skill that been recognized as essential element of problem solving and critical thinking [2] , [3] . At the same time, these last two skills are soft skills that are wanted by the industry. With the objective to understand if robotics could be used to foster creativity, it was presented the inclusion of a storytelling session in a robotics activity with children between 6 to 18 years old in Austria. A total of 9 workshops were implemented in the university campus, data were collected and analyzed. The results showed that the most difficult task for old participants was the collaboration between different groups. Participants also did not mention the use of creativity during the design and implementation of the story. Instead participants referred to the work done with robots and technology. Moreover, participants think that working with robots was interesting and fun. Paradoxically, participants did not considered that they used their creativity or their knowledge of arts during the creation of the story.
Although the participants did not realize the use of creativity during the design and implementation of the story, it was possible to observe the engagement of the participants during the activity and perhaps an unnoticed improvement in their creativity. Nevertheless, it is still required to extend the time of the activity to provide a better knowledge in programming and introduce participants to story design.
